A detailed study of the behaviour of fluctuating point and area external pressures on the windward wall of a 1:60 scale model of a typical low-rise building was carried out in a boundary layer wind tunnel. Sets of vertical and horizontal pressure profiles were obtained using data from 301 pressure taps distributed among three windward wall panels. It has been found that the maximum and minimum pressures on the windward wall occur at about two-third and one-fourth of the building heights respectively. It was found that the RMS and peak values for point pressures are always higher than the area-averaged pressures for all the cases. Also, comparisons of power spectral densities of the point and area-averaged pressures show greater high frequency attenuation in areaaveraged external pressures.
Introduction
Over the past few decades many writers have studied different aspects of external pressure on a low-rise building. These include the works of Surry (1991) , Richard and Hoxey (2012) , Murakami and Mochida (1990) , Castro and Robins (1977) , Holscher and Niemann (1998) , Vickery (1965) amongst many others. Many of the previous works involving external pressures have focused on point pressures rather than area-averaged pressures. Sharma and Richards (2004) studied the admittance process of building external and internal pressure and concluded that the internal pressure follows the area-averaged pressure over the opening more closely rather than that of a point pressure at the opening. Considering the importance of areaaveraged external pressure measurements in regards to the studies involving internal pressure, the work involved in this paper focuses on area-averaged external pressures. As some of the previous works do focus on area-averaged external pressures, the work performed here attempts to extend the knowledge that is already available on area pressures.
Admittance process of external pressure
According to the quasi steady theory, the surface pressure fluctuations on the windward wall have a one-to-one relationship with the onset free stream fluctuations, but in reality this is not true. Studies carried out by Sharma and Richards (2004) have shown that not all the onset free stream fluctuations are transmitted to the windward wall and that there is considerable attenuation in the transmission of fluctuations at higher frequencies. According to them, the attenuation in the admittance of fluctuations is a two stage process which involves point pressure admittance and area averaged admittance. Point pressure admittance is described as the process where the effect of individual eddies at a point of interest on the windward wall, is considered. Large eddies are able to penetrate and influence the pressure field of the windward wall, but, the smaller eddies are not able to influence the pressure field to a greater effect and most of them are deflected past and around the building. Since not all the small eddies exert the same influence as others at the point of interest, there is attenuation in the transmission of fluctuation at higher frequencies.
Area averaged admittance is the process where the point pressure fluctuations over a particular predefined area are averaged in order to get overall area pressure fluctuations. The pressure fluctuations produced by an eddy lager than the averaging area are highly correlated over the entire area but the fluctuations due to eddies smaller than the averaging area are not well correlated and thus cancel each other out to some extent. Therefore, attenuation in transmission occurs at higher frequencies; fluctuations from eddies of size less than or equal to the averaging area are attenuated.
Experimental Setup
For the experiment work a terrain of roughness length 0.005 m was used for the simulation of ABL inside the wind tunnel. The mean wind velocity and turbulence intensity profiles thus generated are displayed in Figure 1 , while the dimensions of the building model used and the locations of the averaging areas, A to I, are shown in Figure 2 . Five different windward wall averaging areas (W1, W2, W3, W4 and W5) were used; see Figure 3a and 3b show the vertical profiles of mean, RMS (only for point pressures), and peak pressure coefficient, p C , p C and p Ĉ , for the centreline and mid-right (only for point pressures) locations, for point and area pressures respectively. occur at about two-thirds of the building height, i.e. 2.67 m.
320

Proc. of the 8th Asia-Pacific Conference on Wind Engineering (APCWE-VIII)
The RMS values and their vertical RMS profiles are relatively consistent across both the locations, see Figure 3a . It starts at a somewhat lower value near the ground and increases slightly towards the top. This means that fluctuations in pressure about the mean pressure value are much greater at higher heights than at lower heights, which implies that the peak pressure coefficients should be higher (taking into account the mean pressure coefficient values at corresponding heights) at higher heights as compared to lower heights. Applying this theory of more spread out peak pressures (around the mean) at higher heights implies that the peak pressure coefficient profile should be less curvy (especially at higher heights) as compared with the mean pressure coefficient profile and as can be seen in Figure 3a the peak pressure coefficient profiles are indeed less curvy as compared with the mean pressure coefficient profiles. The range of RMS values for centre, mid-right and right vertical profiles are 0.25 to 0.33, 0.26 to 0.34 and 0.27 to 0.37 respectively.
For the area pressures, as can be seen in Figure 3b , the coefficients increase with building height. Figure 4 below shows that the vertical centreline mean point pressure coefficient profiles from the present study are in good agreement with corresponding profiles from studies carried out by Richards and Hoxey (2012) on the Silsoe Cube, Murakami and Mochida (1990) , Castro and Robins (1977) and Holscher and Niemann (1998) . In all the above horizontal plots, point and area pressures, the value of p C is more or less constant between the centre and mid-right position, thereafter it starts to decrease to a lower value towards the sidewall of the building.
For the mid-height horizontal point pressure profile, Figure 5a , the values of p C ranges between 0.66 and 0.67 from centre to mid-right position and then it decreases to a value of 0.59 near the side wall edge. Similarly, for the top horizontal point pressure profile, Figure 5a , the values of p C ranges between 0.80 and 0.82 from centre to mid-right position and then it decreases to a value of 0.76 near the sidewall.
For point pressures, the values of the peak pressure coefficient p Ĉ , Figure 5a , are smaller near the centre and they increase more or less consistently towards the side walls. As the values of mean pressure coefficients are low near the sidewall, this means that the range of fluctuations in pressure values around the mean pressure coefficient value is higher near the sidewalls; this is in fact proved by the fact that RMS values are higher near the side walls. Figure 5a shows that the values of RMS pressure coefficient p C , for point pressures, start at a lower value at the centre and increases consistently towards the side walls. The reason for increase in p C values when approaching the sidewall from the centre location could be the fact that the thickness of pressure field, as discussed to be semi-ellipsoid or paraboloid in shape by Sharma and Richards (2004) , is pronounced near the centre than near the side walls, therefore, more and more smaller sized eddies can influence the pressure field near the side walls as compared to the centre location, resulting in higher pressure fluctuations around the mean pressure coefficient value in the vicinity of the sidewalls in comparison to locations towards the centre.
Mean, RMS and Peak External Pressure Values: Area Averaged
This section brings forth the behaviour of external area-averaged (aa) pressure at different locations of the windward wall in terms of ( ) 
Power Spectral Density and Admittance Functions
This section shows the comparison between the power spectra of point and area averaged pressures. According to Sharma and Richards (2004) , the admittance process of external area-averaged pressure consists of two stages, namely the point pressure admittance and area-averaged admittance. In this section the second stage, i.e., the area-averaged admittance for the present experimental data has been discussed by plotting point (using centre pressure tap) and area-averaged power spectra for window W1, and it is shown that attenuation in area-averaged pressures occur at high frequencies. Figures 6 (a, b, c, e, f & g) show the power spectra for point and area-averaged pressures of window W1 at locations A, B, C, D, E and F respectively. The differences in power spectral densities of point and area-averaged pressures (as seen in Figure 6a , 6b & 6c, power spectral density of area-averaged pressures being generally lower than the point pressures at higher frequencies) clearly indicate that there is higher attenuation at high frequencies for area-averaged pressures as compared to point pressures. Moreover, the difference in the power spectral densities decreases as the window location moves from central location through the mid-right location and then towards right side location near the sidewall, i.e. the difference in spectral density for location A is greater as compared to location B and for location C the difference is least out of these three locations; similar trends are followed by the window locations D, E and F (Figure 6e, 6f & 6g) . This is possibly due to high frequency eddies being able to influence the pressure field nearer the sidewall as compared to the central location, as discussed by Sharma and Richards (2004) .
A better understanding of the high-frequency attenuation that occurs can be made with the help of admittance functions (refer equation 1 below). By plotting the admittance functions, with y-axis as reduced frequency U A f n f = , where f is the frequency, U is the mean ridge height velocity and A is the averaging area, of external pressure for respective window locations, the estimation of the reduced frequency at which the attenuation starts can be made as shown with the help of following figure 
is the area-averaged pressure spectrum and
) is the point pressure spectrum. As shown in Figure7, the approach taken here involves finding the intersection point of the two distinct (low and high frequency) slopes of the admittance function. The intersection of these two lines is considered as the reduced frequency for attenuation. This method is considered reliable enough for comparison purposes.
The admittance functions for window W1 locations A, B, C and D, E, F have been displayed in Figures 6d and 6h respectively. Reduced frequency at which attenuation starts for window W1 at locations A, B, C, D, E and F can be estimated by using the above described method; attenuation starts at reduced frequencies of 0.089 Hz s, 0.087 Hz s, 0.075 Hz s, 0.087 Hz s, 0.085 Hz s and 0.070 Hz s respectively for locations A, B, C, D, E and F. This again suggests that frequency of attenuation (in case of area-averaged pressures) increases from central location towards the sidewalls. It is worth noting that for all the window locations the attenuation starts at an approximate reduced frequency of ~ 0.1; this is in agreement with the findings of Vickery (1965) and that of Sharma and Richards (2004) .
Conclusions
The statistical characteristics of point external pressure were found to be consistent with past studies. A windward wall stagnation point was observed at two-thirds building height, where maximum mean as well as high peak pressure coefficients were found to occur. Point pressures were consistently found to exhibit higher RMS and peak coefficients in comparison to area pressures. This is attributed to high frequency attenuation in area pressures, due to the integration process whereby smaller eddies cancel each other out. High frequency attenuation in area pressures over an area A on the windward wall commenced near a specific reduced frequency 2 n = U A f /~ 0.1.
